Background. Diosgenin is a very important plant secondary metabolite and raw material for the drug industry. Plant sources rich in diosgenin include yam (Dioscorea spp.) and fenugreek (Trigonella foenum-graecum L.). A method for diosgenin extraction from yam extracts has previously been validated, but its extraction from fenugreek plants still requires validation. In addition, all available methods require time-consuming additional purification steps. The present study was aimed at developing a low cost, less time-consuming single-step method for diosgenin extraction from fenugreek. Material and methods. This study represents a method developed for diosgenin extraction from fenugreek plants without any additional/supportive purification methods such as chromatography or thin-layer chromatography. Diosgenin yield estimation and purity analysis by HPLC method, along with accuracy and precision analysis, is presented. Results. Five different fenugreek varieties were subjected to a newly developed diosgenin extraction method, and an HPLC chromatogram showed a single peak corresponding to diosgenin. Yield was determined by the standard curve method. Limit of detection (LOD) and limit of quantification (LOQ) for the assay were found to be 0.0312 and 0.102 μg, respectively; t calculated for slope and other statistical parameters were found to be significant (P value < 0.001) for this method. Conclusion. We have developed a fast, accurate and low cost method for diosgenin extraction from fenugreek. Although the authors have studied this method only in fenugreek plants, it could be applied to the extraction of a few other plant secondary metabolites, which will help researchers to save time and effort.
INTRODUCTION
Diosgenin (25R-spirost-5-en-3β-ol) is a secondary metabolite produced by plants such as Dioscorea nipponoca Makino, Smilax china L., Smilax bockii Warb.
ex Diels, Solanum incanum Scheff., Solanum xanthocarpum Schrad., Costus speciosus (J. Koenig) Sm. and Trigonella foenum-graecum L. (Lepage et al., 2011; Patel et al., 2012; Xu et al., 2009 ). There are four types of steroids: (1) sterols such as sitosterol, sigmasterol, campesterol and cholesterols; (2) sex hormones such as estrone, which are insoluble in water; (3) steroidal saponins such as diosgenin and yamogenin; and (4) nitrogen-containing steroidal saponins.
Diosgenin deserves particular attention due to its biological activities and pharmaceutical applications. Indeed, the anticancer, anti-aging, cardioprotective and contraceptive properties of this phytochemical have been reported in a number of studies (Agarwal et al., 2015; Dias et al., 2007; Gong et al., 2011; Lee et al., 2007; Tada et al., 2009; Yan et al., 2009) , as well as its antiviral, antimicrobial, antifungal and insecticidal activities (Sautour et al., 2004; Wang et al., 2011) .
Its antithrombosis effects were successfully demonstrated in animal models by Gong et al. (2011) . Diosgenin reduced total cholesterol and LDL-cholesterol levels, and increased HDL-cholesterol to total cholesterol ratio by suppressing cholesterol absorption and increasing cholesterol secretion (Xu et al., 2009 ). In the isolated mouse aorta, diosgenin activated receptor-mediated calcium signaling and induced smooth muscle cell contraction, thus showing promising potential for the treatment of vascular disorders (Dias et al., 2007) . The anticancer activity of diosgenin has also been investigated in a number of preclinical studies: S-180-, HepA-and U14-bearing mice, and L929, HeLa, MCF cell lines (Wang et al., 2002) . Growth inhibition and apoptosis induction in HT-29 human colon cancer cells (Raju, 2004) , inhibition of viability and proliferation of breast cancer cells (Li et al., 2005) , p53 activation and cell cycle arrest in different cancer cell lines (Corbiere et al., 2004) have been documented.
In plants, diosgenin is produced from squalene 2,3-oxide by two routes: (1) from lanosterol, via the formation of cholesterol; and (2) from cycloartenol via sitosterol (Chaudhary et al., 2015) . Diosgenin is extracted by the acid hydrolysis of sugars present in some plants. Traditionally, Dioscorea zingiberensis C. H. Wright is used as source for diosgenin production (Dong et al., 2010) . Diosgenin is mainly used as a precursor for the production of many steroidal drugs, oral contraceptives and sex hormones such as testosterone, glucocorticoids and progesterone (Raghuram et al., 1994) . Diosgenin extraction from yams and high-performance liquid chromatography (HPLC) analysis (Li et al., 2012) are well established and commonly used methods, although extraction from fenugreek plants still needs validation.
A number of standard methods have been developed to detect diosgenin including thin-layer chromatography (TLC) (Brain and Hardman, 1968) , HPLC (Huang et al., 2008; Zhang and Miller, 1992) , the gravimetric method (Morris et al., 1958) , the spectrometric methods (Chen et al., 2010; , gas chromatography (Šavikin-Fodulović et al., 1998) and enzyme-linked immunosorbent assay (ELISA) . HPLC-based quantitative determination has been successfully used for some drugs such as nimesulide (Hanif et al., 2011) , levobupivacaine (Liu, 2011) and sumatriptan (Sheshala et al., 2012) . In addition, Li Peiqin et al. reported analysis of diosgenin by microplate-spectrophotometry with perchloric acid as a color-developing reagent. It is noteworthy that all available methods require additional time-consuming purification steps (Li et al., 2012) . Therefore, in the present study, a low-cost, less time-consuming singlestep method for diosgenin extraction from fenugreek was developed and validated.
MATERIALS AND METHODS

Plant material
Five fenugreek varieties, namely Gujarat Methi-2 (GM-2), Kasuri, Pusa early branching (PEB), Rajasthan Methi-1 (RMT-1) and Maharashtra Methi-5 (MMT-5), were used in the present study. All of the fenugreek varieties were collected from different states in India, according to their names; GM-2 was collected from Gujarat, Kasuri and PEB from Punjab, RMT-1 from Rajasthan and MMT-5 from Maharashtra. The fenugreek varieties were collected from the respective state agricultural universities. Protocol was initially standardized on fenugreek seeds (data not shown), followed by validation of the same for plant leaves and seedlings.
Diosgenin extraction
Diosgenin extraction from fenugreek seeds has been described previously by Li Peiqin et al., and their method has been further modified for extraction from seedlings (Li et al., 2012) . The seedlings were grown Chaudhary, S. A., Chaudhary, P. S., Syed, B. A., Misra, R., Bagali, P. G., Vitalini, S., . Validation of a method for diosgenin extraction from fenugreek (Trigonella foenum-graecum L.). Acta Sci. Pol. Technol. Aliment., 17(4), 377-385. http://dx.doi. org/10.17306/J. AFS.2018.0606 www.food.actapol.net/ for 15 days and dried for 5 days at room temperature. Dried seedlings were powdered with liquid nitrogen using a mortar and pestle. Two grams of powdered fenugreek were transferred to 50 ml round-bottom flask. Fenugreek powder was refluxed with 50 mL of 2.5 M ethanol sulfuric acid at 80°C for 4 h. The resulting solution was filtered using Whatman ® filter paper no. 1 to remove debris. The filtered solution was diluted with 50 mL ultra-distilled water and extracted with 50 mL of n-hexane 3 times. Extracts were then pooled and evaporated to dryness at room temperature. Dry residues were dissolved in 25 mL acetonitrile:water (90:10) and filtered through a 0.22 μm filter before HPLC analysis.
HPLC analysis Standard preparation for HPLC.
A stock diosgenin (CAS Number 512-04-9) solution at 1 mg mL -1 was used as a standard for HPLC analysis. 10 mg of diosgenin were transferred to a 10 mL volumetric flask with 5 mL of acetonitrile. To ensure complete solubilization, the solution was sonicated for 10 to 15 min. The solution volume was diluted to constant volume (10 mL) with acetonitrile followed by filtration through a membrane filter (pore size 0.22 μm).
Instrument validation. The HPLC method was validated according to the procedures described in ICH guidelines Q2 (R1) for the validation of analytical methods (Hubert et al., 2004; .
HPLC run. HPLC analysis was performed on high performance liquid electrograph LC-2010HT (Shimadzu, Japan) which consists of two high-pressure solvent delivery pumps, SPD-M20A photodiode array detector (PAD), SIL-20AC auto sampler, CTO-10AS column oven, and CBM-20Alite system controller. For an HPLC run, Hypersil ODS C18, 5 μm, 250×4.6 mm (Thermo scientific) was used at flow rate of 1 mL per min. Acetonitrile:water (90:10) was used as a mobile phase as well as a diluent for preparing the sample extract. Column temperature was maintained at 35°C temperature for 30 min. The flow rate of the mobile phase was kept at 1 mL per min and the wavelength used for detection was 194 nm with UV detector. All the samples were analyzed in triplicate and the standard was run 5 times initially, as well intermediately and twice after completion of all the samples. The run time used for each sample was 30 min.
Standard curve preparation. Aliquots of standard solution containing 1 mg mL -1 of diosgenin were diluted with acetonitrile:water (90:10) solution to 7 different concentrations, corresponding to 750, 500, 375, 250, 125, 62.5 and 31.2 μg mL -1 of diosgenin solutions. The injection volume was 10 μL, resulting in 7.5, 5.0, 3.75, 2.50, 1.25, 0.625 and 0.312 μg diosgenin in HPLC analysis. A calibration curve was constructed by plotting the peak area versus the respective diosgenin quantity [μg] and the obtained data were subjected to regression analysis.
Method accuracy analysis. The accuracy of the method was determined by analyzing the crude extracts spiked with diosgenin. The latter was added at low, medium and high levels, i.e. 0.1, 0.4 and 0.7 μg mL -1 in each tube for HPLC. Average peak area (calculated from the standard curve method from the HPLC results) was similar to the actual amount used (Table 4) .
Precision analysis of the assay. Three concentrations of standard diosgenin -0.1 μg, 0.3 μg and 0.8 μg -were used for intra-day precision analysis. Each concentration of diosgenin was subjected to HPLC detection for three repetitions (n = 3) on the same day. Similarly, inter-day precision was also analyzed by the same three concentrations of diosgenin on three different days within the same week (n = 9). Diosgenin quantity [μg] and the relative standard deviations (RSD) were provided (supplementary Table 1 ).
RESULTS
HPLC analysis of diosgenin
In HPLC analysis, a detection wavelength of 194 nm was determined by spectrum scanning from 190 to 400 nm. In all of the fenugreek varieties, HPLC analysis revealed a single peak of diosgenin. The chromatogram obtained from the diosgenin standard run showed a single peak at a retention time of 14.088 seconds (Fig. 1A) . Chromatograms of all the fenugreek samples showed a single peak similar to the diosgenin standard, indicating purity of the extracts (Fig. 1B-1F ).
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Diosgenin yield calculation
Diosgenin obtained from the extraction process was subjected to HPLC analysis. Diosgenin yield was calculated on the basis of retention time obtained from HPLC analysis reported in Table 3 . Finally, the diosgenin linear regression curve (Fig. 2) was used for calculating the concentration of diosgenin obtained by extraction from all fenugreek varieties. Extracted diosgenin from all the samples was analyzed in triplicate. *n = 5 for standards, n = 3 for dilutions. Intercept (a) 549456
Sy/x 1803000 t calculated for slope 6.583 (significant***; P = 0.00059) *** < 0.001 
Fig. 2. Linear regression curve for diosgenin
Chaudhary, S. A., Chaudhary, P. S., Syed, B. A., Misra, R., Bagali, P. G., Vitalini, S., . Validation of a method for diosgenin extraction from fenugreek (Trigonella foenum-graecum L. 
Detection and quantification limits
The limit of detection (LOD) and limit of quantification (LOQ) are presented in Table 2 (0.0312 and 0.102 μg respectively).
DISCUSSION
Qualitative analysis of diosgenin was performed using the HPLC method. Chromatograms of diosgenin extracted from all of the fenugreek varieties showed a single peak similar to the diosgenin standard, thus proving no residual components or contamination in the extracted diosgenin. The method was assessed for linearity using the regression analysis method. The linearity of the calibration curve was validated by the high value of the correlation coefficient of the regression equation and by the low value of the intercept on the ordinate. The t calculated for slope was found to be significant (P = 0.00059) whereas t calculated for the intercept was found not to be significant P = 0.559). Coefficient of determination: R 2 obtained from the curve and adjusted R 2 were 0.878 and 0.87 respectively, indicating that the regression line perfectly fits the data.
Accuracy and precision analysis
Accuracy of the assay was analyzed using the spiking of diosgenin standard at concentrations of 0.1, 0.4 and 0.7 μg mL -1 . The difference between the amount spiked and diosgenin detected by HPLC method was in the acceptable range (refer Table 4 ).
Methods for the determination of diosgenin extracted from various sources, for instance yams, fenugreek leaves, stems and seeds, have been previously developed and reported, including spectrophotometry, TLC, HPTLC, HPLC and gas chromatography. In the spectrophotometric method presented by Baccou et al. (1977) and Uematsu et al. (2000) and further modified by Chapagain and Wiesman (2005) , diosgenin extracts were treated with anisaldehyde, sulfuric acid and ethyl acetate to be measured at 430 nm. In the present study, we analyzed diosgenin at 194 nm, which was obtained by spectrum scanning from 190 to 400 nm.
Trivedi et al. used the calibration curve method for quantifying the extracted diosgenin. These authors found the green color spot on the TLC plate corresponding to diosgenin at Rf = 0.30 ±0.04 and visualized the same in scanner III at 428 nm. They found diosgenin at 0.087% (w/w) in fenugreek leaf powder, 0.015 and 1.27% (w/w) in fenugreek stem powder and extract respectively, and 0.586% (w/w) in a formulation containing fenugreek seed powder (Trivedi et al., 2007) , with few other compounds present alongside diosgenin. In the present study, we obtained 0.43 μg to 0.7 μg of pure diosgenin from different varieties of fenugreek. Dangi et al. (2014) used the method described by Trivedi and colleagues to extract diosgenin from 15 different varieties, but a chromatogram of the sample run on HPTLC showed multiple peaks, indicative of crude extract or presence of other similar secondary metabolites. Li Peiqin et al. (2012) developed a spectrophotometric method to quantify diosgenin in which they dissolved the diosgenin in acetonitrile and evaporated the solution until dryness at room temperature, before dissolving the diosgenin in perchloric acid and measuring it at 410 nm wavelength in spectrophotometer. They also performed the HPLC analysis of diosgenin and reported a retention time (RT) of 18.064 ±0.096 (Li et al., 2012) . The amount of diosgenin in fenugreek, yam or any other plant source is influenced by both genetic and environmental factors. In western Canada, 10 accessions of fenugreek varieties were studied to assess the influence of genetic and environmental factors on seed diosgenin yield. Four fenugreek accessions, namely CN 19062, CN 19067, CN 19070 and CN 19071, yielded 0.70, 0.98, 0.84 , and 0.87% diosgenin respectively, as analyzed by capillary gas chromatography (Taylor et al., 2002) . These data are in agreement with our results showing yields ranging from 0.54% (in the Kasuri variety) to 0.83% (in RMT-1 variety).
CONCLUSIONS
The method described in this study provides pure diosgenin, with the same yield obtained by other reported methods. Moreover, this method does not require the use of thin layer chromatography or other purification methods, which, in turn, helps to reduce production costs and is less time-consuming. However, validation of the method for large scale applications is still pending.
